Abstract-In this study, the silver nanoparticIe was prepared in graphene oxide by using laser ablation technique.
I.

I NTRODUCTION
Silver nanoparticles are used in many application and is a very interesting material in biology and industry. It has high potential application to enhance the thermal and optical properties of materials [1] . Many methods have been used to fabricate the silver nanoparticles (Ag-NPs) such as chemical and physical methods. In addition, the Ag-NPs have been synthesized in water, oil, starch and polymer based stabilizer.
Graphene oxide (GO) has single atom layer and derived from oxidation of graphite. GO can disperses in organic and inorganic solution. GO has high potential application in optoelectronic [2] sensor and biosensor [3] . GO has carboxyl group (-COO-) and hydroxyle (OH-) that they caped the nanoparticle. Some researcher have been fabricated the Ag NPs inside the GO Laser ablation of silver plate is the alternative method for fabrication of Ag-NPs. In this process, the nanoparticle releases inside liquid solution and the formation of NPs does not require any chemical agent and polymeric or surfactant stabilizer [4] . In this study, the Ag-NPs were dispersed in graphene oxide using laser ablation and the thermal 978-1-4673-6075-3/13/$31.00 ©2013 IEEE effusivity of samples which explained the exchange of heat with medium, were measured.
A .
Graphene Oxide
II.
E XPERIMENT
Preparation of GO follow previous reports by Huang et al. [5] . In this process the final concentration of GO was 2 mg/l in water. In this study, GO was again solved in water and 0.1 mgll was used for fabrication of Ag-NPs in GO using laser ablation.
B. Nanoparticle Preparation
The silver plate (99.99% purity; Sigma Aldrich, St. Louis, MO) were immersed in 15 ml graphene oxide. The silver plate was ablated with a pulsed Q-Switched Nd:Y AG laser. The pulse duration of 10 ns and 85 Hz repetition rate at wavelength 532 nm was applied to prepare Ag-NPs in GO solution. To disperse the NPs inside the GO solution, the magnetic stirrer was used during the ablation process. The laser beam was focused at the metal target by a 250 mm focal length lens. The ablation of metal plates were carried out at room temperature with different duration times; 10, 15, 30 and 60 minutes. The Ag nano fluids were characterized using a UV-Visible spectrum (UV-V, S seris), transmission electron microscopy (TEM, Hitachi H-7100; Hitachi, Chula Vista, CA) at accelerating voltage of 120 kV, and the concentrations of NPs were measured by Atomic absorption spectroscopy (AAS, S series).
C. Photoacoustic Setup
The photoacoustic setup contains the He-Ne laser (75 mW, 632.8 nm), chopper, mirror, fluid cell, microphone, pre amplifier and lock in amplifier (Fig 1) .
The chopper frequency controlled by shiftt ig from 21 Hz to 236 Hz for measurement of thermal effusivity of Ag NPs/GO composite. The bottom of fluid cell was closed by a 0.017 mm thick aluminum sheet with 0.017 mm thickness at the bottom of fluid cell contains the Ag-NPs/GO composite solution. In order to measure the thermal effusivity of Ag-NPs/GO composite, the photo acoustic signals were registered by an electret microphone. It was connected to pre and lock in amplifiers. The phase and amplitude of signals were achieved as a function of light beam modulation frequency. The measurement was carried out for empty fluid cell and fluid cell with Ag-NPs/GO composite. Rosencwaig-Gersho (RG) theory was used to analyze the photoacoustic signal to obtain the thermal effusivity as follows:
The amplitude of pressure fluctuations ( OP) is calculated as [6] where P 3=� (aAl)X tAll A l 1t (2) aAl,cAI and l Al are the thermal diffusivity, thermal effusivity and thickness of aluminum foil. P I and P2 are the adjustable parameter , and have constant value. They obtained from Al foil signal as a function of modulation frequency. P I and P2 must be calculated from fitting the former data by (3) as follows Afterward, the experiment was repeated for Ag-NPs/ GO composite, the thermal effusivity of samples were obtained from (2). Figure 2 depicted the UV-visible spectrum. As results, the absorption peaks are at 300 nm and 405 nm. The first peak relates to GO and second peak belongs to Ag-NPs. The concentration of Ag-NPs increased with an increasing the ablation time. The blue shift was observed in UV -visible spectrum because the particle size was decreased, and the TEM images confirm the particle size shifted from 38 nm to 8 nm (Fig. 3) . The concentration of Ag-NPs shifted from 1.1 ppm to 9.6 ppm; hence, the volume fraction for 10, 15, 30 and 60 minutes ablation time were obtained 0.0123xlO-5, 0.0312xlO-5, 0.0536xl0-5 and 0.1071 X 10-5, respectively.
III. RE SULTS A ND D ISCUSSION
In order to measure the thermal effusivity, the photo acoustic signals were analyzed. Prior to carry out experiment, the thickness of Al foil ( IAI ) was measured using digital micrometer; in addition, the other parameters, Ca and UAI were taken from literature [6] . Ca, IAI and UAI were 2.36,0.0017 and 0.99, respectively, and thermal effusivity of water was obtained about 0.1630 W.s l12 .cm-2 .K-I , and it adapted with literature. Figure 4 shows the photoacoustic signals for measurement the thermal effusivity of Ag-NPs/GO composite. The thermal effusivity of nanofluids were shifted from 0.1875 to 0.1979 W.s I/2 .cm-2 .K-I . The pertinent parameters was sorted in TABLE I.
g "E. Thermal effusivity explains the exchange of heat with environment. Hence, an increment the concentration of Ag-NPs causes the intensification of thermal effusivity effect in nanofluid.
IV. CONCLUSION
Silver nanoparticle were synthesized in GO using a laser ablation method. The particle sizes of 38.36, 19.16, 12.83, and 8.61nm were obtained for lO, 15, 30, and 60 minutes ablation times, respectively. Consequently, the particle size reduced, and absorption and volume fraction were increased . Ag-NPs are completely stable for long time. Thermal effusivity was increased from 0.1875 and 0.1979 W.s1l2.cm-2 . K -I .
Consequently, laser ablation is an environmentally friendly, and green method for preparation of Ag-NPs in GO.
